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(54) ORGANIC RECTIFYING ELEMENT 

(57) Abstract 

PURPOSEi To provide an organic rectifying olomont with 
excellent rectifying function. 

CONSTITUTION: A gtoao board 1 provided with a cold 
electrode 2 thereon through a ^ M ™*J?^>*°1 
and a poly^ethyttWophene (oyer is p»od up ^reon 
through etecrolyfc oxidation polymonaabon. ™™J 
ie electrocnemlcaily applied with o dedoping treatment 
to form a nigh molecular oonduotivo layar 3, a 

5^methyl-irMp-rr^ylb^^ fl,rn 
A ie departed on me layer Z through a vacuum 
deposition method. and further aluminum IB 
vacuum-depoaitad on me film 4 to form an electrode o, 
end thereby an organic rectifying element in realized 
finally. 
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j„m. patent Office 19 not responoibl* fee any 
caused by aw una or ctaio tr«nolat*oii. 



l.This document has been plated by computer So the translation may not reflect the original precisely. 
2:**** shows the worn which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[C|aim(«)] . . d , characterised by carrying out the laminating of 5-<electron releasing group) permutation; 

£X fi,m - * «»«— conductor ,n B red,ent ,ayer or *■ m 1 

fcEm ^forLSrrectlfying device according to claim 1 which is the layer which a macrom olecule conductor pS^enUay. 
STnS £ aKre Somolecule conductor ingredient chosen from the group which conststs of an organ* synthests s^ 

Kl *« *■ s- u p - hicb consistt of a meial - 3,1 ■»*• a raeta,,ic ox,de - meiaIhc su,fi • 

an alloy oxide 



lo- 



ir 
+ 

/lie 
ffoi 



[Translation done] 



hnp://ww4.ipd^ 

Received Sep-22-04 1 1 1 11 an FronH-40 Q 1 1 61 1342 To-Carrel la Byrne Bain Page 003 



.09.04 



"22. SEP. 2004 17:19 



1 NOTICES * 



PATENTANW. LOUIS POEHLAU LOHRENTZ 



NR. 3552 S. 4jiU>i>3 



J»» S»t«nt Orrica le not eoaponaiklo «o» any 
dZLg-a eaueea Oy eh. »ae o£ tera»«l*fcion. 

1. This document been translated by computer. So the mention may not reflect the original precise*. 

2. »**» shows the word which can not be translated. 
3.ln ihc drawings, any words arc not translated. 




t e 



[Detailed Description of the Invention] 

diode for rectification, a photodiode, a light emitting diode, or a switch. 

SSSSZS rS^STis developed and should *• carry out It at last this time also about appl.cat.en. 

[0004] _ it was shown clearly that it has the organic rectification excellent in tt e 

which consists of at least one macromolecule conductor Ingredient chosen from the group which cm ^^^r^^^^\ j 

isobutyl radical, t-butyl, a cyclohexyl radical, a methylamlno radical, an acetylemmo rad.cal, the aralkyl raaicai snown inuic i | 
"ollOWlllg. . . .. „_ ^ _ J: ... : _ _w k»„™i a nhrn-uir+hvl radical emd o-alkvl benzyl [I 



or 



•WnEwith KMaralkyl or nuclear substitution aralkyl) radical in phenazlne, benzyl, a phcnylethyl radical and p-alkyl benzyl 

r a 3^cWo« 5n^7- There are 3. Zdichloro benzyl, m-dichloro benzyl (for example, 2 4-d.chloro benzyl, 3^« h '°~ ' 
m lihmmS t£,Sl m-diiodo benzyl, etc. In addition, me carbon atomic number of the alkyl group of the aralkyl radical < comb 

SSSf^nong macromolecule conductor ingredients, as an organic synthesis system indent P olypyrrole « ' . f*™*- 
• and contain these can also be used among macromolecule conductor ingredients. 
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metallic oxide), etc., and contain these ^^Iso ba used. macromolecule conductor ingredient layer and a macronjc fecule 

arbitration with the thickness ofa substrate, tne uiiciuiea» ui « thieirnUc of 5QO-3000A bv the monolayer i 

ESt&fiSi^ «" Edition, thickness should wam to become homogeneity to the 

mnUTOne anDroach of the degrees is adopted as an approach of making the phenazlne film of this invention foroing. j 

Sm^"^^ 

clearance and it is not only formed all over a laminating side, but may panemize a g*^^^V^ A _ fihown m dl?v L, , 
rooisi A fundamental example of the stnicture of the organic rectifying device by this invention is explained. As snown un i army ngj. , 
Se organic leSS device > is constltuled by a substrate 1. the electrode 2 formed on the substrate 1, the giant-molecule "nducbr 
Xyer IfcSS I XS electrode 2, the phenaLe film 4 formed on the giant-molecule conductor layer 3, and the electrode 5 for ^d on 

SoFo^S SJele'ctrodc 2 prepared on a substrate I, it is desirable in laboratory to make It the transparent electrode which c , |*rcd 
^ l ^^1ff£^^m^.A transparent ele^rode can be former 1 on *e substrates yg, iasa gtos ptoell 
transparence plastics sheet, or a film, by vapor-depositing gold, silver, aluminum, an md ™. m ' » n * um ''^ L U " 
oxTde (Nesa membrane). Moreover, an electrode 3 can be formed by vapor-depositing gold, silver, copper aluminum, or nlcke}. fn 
addition when usine especially as a monolayer mold, the macromolecule conductor layer 3 can be omitted. i 
So 171 Atth^iXE w«h classes of electrode 2 formed on a substrate 1. when using aluminum as one electrode, as for £ 
f!^2tiJ?^eieeof aVormnic rectifying device, it is desirable to make the phenazlne film of this invention on an eluminuoj 
tpr^d?^ TSZZZhL suchCa vacuum deposition method, the applying method, the cast method, and a spin coat method, Ud to 
-^ 0 ^SK^ E of^ lay- on itSst And what is necessary is just to cany out vacuum dep<|s.t.on 

Sample 3en electrode, after carrying out the laminating of the macromolecule conductor layer by an el~tro»yt»co xida I 

memod etc on a aoldcn electrode and canying out undoping processing to an electrical machinery chemisoy tiifcet, it 
VfSS^JSS^Si V£S22S£«** «"» wlth'vacuum deposition etc. Furthermore, what ,s neoessapji, just 

to cany out vacuum deposition of the eleotrodes, such as aluminum, If needed. , 

rFunclion] in the organic rectifying device of this invention, effective rectification is performed, tor example in the lnrt»bl{j> of 
a aSmolecule cSctor tayer rod the phenazinc Film. Furthermore, since rectification was perfbmed also in the toterftce 6 the 
phS 5UT flta an?, metal system Ingredient layer, the component which has the rectification excellent conventionally farmer tfian a 

So^bT^^ ^w. although transport of the charge which ^JSttttBL* 

chare and bS laye« by electrical-potentiaUdifference impression of the fbrward direction according to the £nl 
,11 of a shot kev mold or a heteroiunction mold was formed, and was spontaneously fonncd in the interface of a dhane* 
mo ecute Su^ faycT aK phwa^Tfitei arisea in the organic rectifying device of this Invention, in order to oppose arillectr.c 
SSSu jSCi SreiTSoc £ Sow but functions as diode* Moreover, by optical exposure ^paration^ ***™Zpf * 
mterfcee and tranipon ofa charge arises in accordance with an electric potential gradient. Therefore, by covering a load and 
SSSSSSSSfy extema?ybetween the two electrodes of an organic rectifying device, a photocurrent * aequirej and *h batons 
To eTr P hSodiode. You can make it function also as light emitting diode using emitting |^££^fS&^^^ i ' 
in by electrical-potential-difference impression of the forward direction recombincs with the reverse charge in bulk. 

[Example] About the organic rectifying device of this invention, although experimented In a large number, the example of 
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structure wan manufactured. ...^w/irha* eel continuously under dark, and the current- 

value when Impressing the electric* polentia dincrenc« ot »» _» to drawing 2 ). Moreover, in the applied voltage of f 
+ 14.0mA and -4V was the rectificat.cn ratio 120000 in -0.1 "™*oA > (rerer to "J^^*^ ^ w ^ nj , 3 j. 

le inierfece of a golden electrode end a FMe i ^""L™" . , eJCDO : ure j 8 carried out from an alum mum electrode s 

^-maximum (O) and near the skin of absorption ©f MMDP *g /^"KSSMMOpiw. l.e., the imerftce of T 

screen effect by MMDP is Shown, and h turns ou that a main activity eula « «^ ^SXSm^ electrode and all 

and MMDP. In addition, since the monolayer mold component which sandwiched 1 only mmw jJ2^ dtaSton the Interftce dfl 
carries out rectification and a photo-elccirlC-WMislation operation in a bilayer mold component and this direction, me intenac on 

SJJniS ^hSo-Tcya^o bS)-S T lO-dihydrophenazineThe same sandwiches ecl was ^^^^^^ ,r> l h ^ 
»S£mcdp ^^mTshon?o7Cc^oV^initro ben^l)-^ and lO-dihydrophenazine (It is hereafter called MDNDP for ahorj 
called MCDP for short) or 5 mcuiyi iv-v* ™T™ . ** ssmdwich a S C ei s continuously under dark, a current change similar to 
impressed changing direct-currcnt W»~£'»8£ ^^SoTocoura A rectification ratio is the component which used 

,r««Ld inSof the PMeT layer. The name and rectification ratio (**2V) of the layer mgredient were as follows. That is, 
Sv^ffi^S<»^&);pS^ 4-dimethyl pyrrole (rectification ratio 18000). Pori p-phenylene (rectification 
??^^£^S^£«K^n ratio 1200). polyacethylene (rectification ratio 1000). polish anoa cctylene (rectificaturi 
ioSKo^ P°^ id « (-tification rat.0 8000). »P^£»»L 

(Seatton ratio 5000). and graphite (rectification ratio 6000). Moreover when a meta system ingredient ^ * 

S ofen^nS ffifSlKio 12000). aluminum magnesium to*B*4m** -I5000X ^g^t!!SlSS!SSS 
oxide (rectification ratio 4000). antimony-pentacJUoridc doping tin oxide (rectification ratio 14000), and conductive copper so 
Rectification ratio 10000) was obtained. 
FEffect of the lnventionl Since the organic rectifying device of this invention rectified efficiently using both interface barriers 

^interface barrier of a giam-molecule conductor ingredient layer and the t^^^SSSSS^S^ 
system ingredient layer, it became possible [ making the component which gives ^f^^^^^^^SS^ 
than a well-known organic rectifying device ). Moreover, since the e ectron and electron hole which ^cha^eseparalon wa 
M rformad usinu this barrier consequently were separated arc mutually conveyed to an opposite direction, it functions also as 
SmM-^XJ, white the chaYge poured in by clectrical-potential-difference impression moves m accon 
S die elecSc potential gradient of a barrier in the Inside of bulk. It Amotions also « electro ummeecenee J«««2BL 
w ith a rUe«c ch^ge and Emitting light. Therefore, it is sure that the predominance of the application in the industrial world of tfus 
Invention is a greatest object. 
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TECHNICAL FIELD _______ f 

diode for rectification, a photodiode, a light emitting diode, or a switch. 
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metal thin film of a work as en £|MM ©f Au is studied Althoush this invention persona developed the or„ 

approached by the need fbr development of a still more effect.ve organic rect.fying device. 
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EFFECT OF THE INVENTION 

[Effect of the Invention) Since die orfianic rectifying device rfthi* invention rectifse * «2E^^ 

than a wc "'^^ h ,!' r P^„ enUy w J ere separated are mutually conveyed to an opposite direction, it functions also as an 

P ^X,1 ™ s ^^^^^ Poured tn by etecalcal^Otential-difference impression moves in aocorda nfc* 

3S thSc™pS ofbull^ix funetlonsalso as electroluminescence devices using recor, „ n ,ng 

2 ! rUlrsc tESmi Sing light. Therefore, it is sure that the predominance of the application In the industrial world of fee 
invention is a greatest object. 
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IVtEANS 



Jr 



'[Mean, for So.ving the Problem] this invention pen,ons - it ^^^£.5 S£ p°SS^0?^c!tof J 
component which has the component .iMf* SgSSSH S5 dECSEffiKK a maSWlecule con! L 

3* -4 of aUea, ^ ^ iSen%4 
^Wh^StocS chosen from the group which consists of a metal, en alloy, a metal. 

metallic sulfide, and an alloy oxide. rB |a M in B nrouo} permuW»on-10-(aralkyl or nuclear substitution emlkyl>5 ajv 

[0005] The electron releasing .group w 'Solectron ^ SvlTouo an aralkyl radical, the amino group, an alkylaminc , 

isobutyl radical, t-butyl, a cyclohexyl radical, a methylamino radical, en aeetylamwo radical, me arausyi ™u« 

m-diiodc ben£i I etT taadditioMte carbon atomic number of the alkyl group of me aralkyl radical comb 
m-dibromo benzyl, m-diioao oenzy i, ew. * ' . . needless to say that you may branch also with the straight chain, 

least with 10- of phenazmc is 1-4 pieces, and. as for them, it j u tod£!Srt orwo or more sorts of mbrture is> 

Hale iontent of the coloring matter (a coloring agent, charge of fluorescence) may be carried out as chec* material ormemon 

carbon fiber, pyrolysis polyimide, pyrolysis polyoxadjazo c. pyrolysis Polyolefjne, a VV^^V^^*¥vy f& n; 

and contain these can also be used among macromolecule conductor ingredients. hlack 

EoicnK a artonTystcm ingredient, conductive rubber and the resin which mere are graphiw. glass carbon, furnace 'black, 
Sra£& uS aS^SlTpetK.lcum pitch carbide, coal-tar pitch carbide, e*., and these can use doping either a mm 

ESS 

copper, antimony oxido, » moonium dioxido, ~- ^ a™ iTto sulflie > oobalt sulfide. » olckol Mlfido, w 

Em&tori b^rooW by«f or in bcoveen a iractonjoleciilc conductor uiscodient lw« ; »d ">•»! 

EJeT etc! ata double layer or multilayer struomre. In this case, the macromolecule conductor tnsredicnt layer and tfy 



ttor 
> [layer 

a, 

oxide, 
i kdioal, 

t 
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a ion 2 



ting- 



j i 

system ingredient layer of " T * exchange •*•**• being carried out are naniral- prepared on j j 

EP013] AluTougb it will be covered "t,* Sta^^^ 

substrates (glass, plastics, a film, a metal sheet, a eu ^'^^^^^iS^SS^ laminated material may change t , : 
on the object^ a „ me thickness ofemefal 

arbitration with the thickness ofa 3ub ^£' ™ ^^f^ ROOd to ^ lt the thickness of 200-5000A by tbe monolayer , . 

S-lSS SfLlLtrode 2 prepared on a substrate 1, it Is desirable in laboratory to make it the transparent electrode which coa ned 
[00 1 6] As fwthe *«f~^^P^ b a s ^.,, y A transparent electrode can be formed on the subsnates 1, such as a glass plate, e 
ilSSiS^^ jSST^ film b^r^K if silver, aluminum, an indium. Indium tin oxide (JTO film), and t,» on 

--addition, when using especially as a monolayer mold, the macromolecule conductor layer 3 can be omitted. ■ 
TOO 71 Although it ranges widi classes of electrode 2 formed on a substrate 1, when using aluminum as one electrode «: far tto 
febricluon^Snce of ™ organic rectifying device, it is desirable to make the phenarine film of this invention on^uminueS, 
3cSe bv TOproaches suchas a vacuum deposition method, the applying method, the cast method, and a spin coat method, t up .to 
Ac %EEZZ2Z maommolecuJ- conductor layer on It first. And what is necessary is just to carry out vacuum deplc .men 

Smile ilSlden elecS Scrying out the laminating of the macromolecule conductor layer by an electrolytic oxidation 
SfS^SlSS^^JSm efectrode and canying out undoping processing to an electrical chemto^ j k it 
£ convenient on it to carry out the laminating of the phenazine film with vacuum deposition etc. Furthermore, what is necessary is just 
to carry out vacuum deposition of the electrodes, such as aluminum, if needed. 
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shows the word whieh can not be translated. 
3.ln the drawings, any words are not translated. 



OPERATION 



bar re? 
of ti e 



rFuncilonl In the organic rectifying device of this invention, effective rectification Is performed, for example in the ' Intefwe 
iranciionj in uie organs resmjuit, v _. Burtharmora since rectification was performed also in the Interface 

a giant-molecule conductor layer and the phcnozine film. Furthermore, since replication » h conventionally ftrther 

phenazine film and a metal system Infiredicnt layer, the component which has the rectification excellent conventionally iartner 

well-known organic rectifying device could be built. , A ^k<.«»b which crosses imnreanation 

[0020] By electrical-potentiaWlfference Impression of hard flow ^W".^ ^SXEEto KJSI 
charge and both layercby olectrical-potentlal-dlfrference Impression of the forward d.rection accw^ig to the »i«™P^ Hi " 
TTJ: wi tr if a .hot kev mold or a heteroiunction mold was formed, and was spontaneously formed in foe interface ot a 
mSSZH K« idtE phS^e film arises in the organic rectifying device of this Invention, in order to op^sc an 
^SSSSSaTtSSSiM* not flow but functions as diode. Moreover, by optical exposure separation of a char* anscs in 
ESSm?. charge »riscs in accordance with an electric potential gradient. -^J^SSS^A ' 
onnertina too hastny externally between the two electrodes of an organic rectifying device, a photocuirent is ^ulmd^ltrui 
^ ^ho^diode. You can make it function also as light emittin B diode using emitting light, in eaw the cha^e furthermore ^ 
m ^by1lecSc3.potential<lifference Impression Of the forward direction reeombines w.ih the reverse charge in bulk. 



than 



61 a 



,i*nt 




turn iti 
eit|ur 



ions 
(tared 



[Translation done.] 



httpV/ww4.ipdljpo.go.jp/cgi-bii)/tran_web_egi_eije 
Received Sep-22-04 1 1:11am Fronr+48 811 511342 



of 

,-a 



l|l09.04' 



Ml 

i »l 



To-Carrel la Byrne Bain Pago 013 



22: SEP. 2004 17:21 



PATENTANW. LOUIS POEHLAU LOHRENTZ 



NR. 3552 S. 14 tc |^onl 



* NOTICES » 

Jopan Patent O££ioe ifi not responsible Tor any 
4 oauood by the use of thifl trejieiat±on . 
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EXAMPLE 



[Example] About the organic rectifying device of this invention, although experimented in a large number, the example of I 
representation extracted from the inside of it explains the manufecture approach and its engine performance. In addition, this f Y< 

ite from i p 

>arbitrafibn 



ofTnot bc l !ng w^wtlimito only to the I fellw^wii^plM and is interpreted is natural, and lis thing which do not deviate from 
meaning S pn^a of this invention and for which it restricts, and an embodiment can be changed and carried out to «h ™ 

rao^an example 1 - first, the golden electrode was vapor-deposited by the spatter on the glass substrate, and Polly 3- 
methylthiopbene (it Is hereafter called PMeT for short) was produced by the electrolytic oxidation polymerization on it ftito 
after carrying out undoping processing of this PMeT fllm at an electrical machinery chemistry target, the laminating of 5-meuv 



ention 
the 

is 



methylbenzyl>5 and the 10-dlhydrophenazine Him (it calls for short Following MMDP) was carried out with the vacuum dep 
method, the last - a it top - aluminum - vacuum deposition - carrying out - Au/PMcT/MMDP/alummum - the sandwiches 

raoSlh U^res^d^c^guig direct-current applied voltage to this sandwiches eel continuously under dark, and the current-v > 
curve was investigated. Brewing 2 and drawing 3 are graphs which show the current change at the time of changing direct-cuh 
ed voltage contiDUOusl7~ConscquemIy, it was checked that the stable rectification from which the time of impressing a 



luently, 
K 10-(p- 

on 
i let of 



electrical potential difference to a golden electrode side serves as the forward direction occurs. The current value when the 
value when impressing the electrical potential difference of +4V to a soldcn electrode impresses the electrical potential dif 
+14.0raA and -4V was the rectification ratio 120000 In -0.1 17microA (refer to dewing 2 ). Moreover, in the applied voltage 
it was the rectification ratio 18000 in the current value of + 1.05mA and -0.038microA. respectively (refer to piawmg 3 ). 
T00241 Next when light was irradiated at this component, the golden electrode side produced photoelectromotivc force in the 



differ a ice 



!rit 
fbhvard 



cunjsnt 



to'' 



of 
^**2V, 



c fraction 



grsph. 



is not 
j» as the 
tide, the 



of 



photocurrent value serves as the minimum by the way, the screen effect by PMeT b shown, and it turns out mat an activity sii 
the interface of a golden electrode and a PMeT layer but the back of a PMeT layer. Moreover, since a photocurrent value sen < 
maximum (O) and near the skirt of absorption of MMDP when an optical exposure is carried out from an aluminum clcctrodi i 
screen effect by MMDP is shown, and it turns out that a main activity side Is the back of a MMDP layer. i.c. ( the interface of P J4eT 
and MMDP. In addition, since the monolayer mold component which sandwiched only MMDP with a golden electrode and b lflnji 
carries out rectification and a photoelectric-translation operation in a Mayer mold component and this direction, the mterfacf " 

aluminum and MMDP is also known by functioning as an activity side. 1V „ 4tK JS1 _ J _ . c . . 

[0025] in example 2 example I instead of MMDP 5-methyl-lO-(p-methoxyben2yl)-S, lO-dihydrophenazine S-methyMJierei 
MMODP for short) 10-(p-cyano benzyl)-* 10-dihydrophenozine The same sandwiches eel was manufactured usii^ (it bemg i 
• called MCDP for short) or 5-methyI-10-(m-dinltro benzyl)-5, and 10-dihydrophenazine (it is hereafter called MDNDP for ah6r 
impressed changing direct-current applied voltage to these sandwiches eels continuously under dark, a current change sun ilea 1 
drawing 2 was shown, and it was checked that the same rectification occurs. A rectification ratio is the component which used 
MMODP, and is 1200 (**4v) with 10000 (**4v) and the component using MDNDP in the component using 12000 C*2v) anjc 
and it turned out that it has the rectification which was excellent in all 

[0026] in example 3 example 1. rectification remarkable also in **** which uBed other macromoleeule conductor ingredient 
accepted instead of the PMeT layer. Hie name and rectification ratio ( - *2V) of the layer ingredient were as follows. That is, 
polypyrrole (rectification ratio 16000), Polly 3. 4-dimethyl pyrrole (rectification ratio 18000), Pori p-phenylene (recti «<»«on| 
15000), the poly thiophene (rectification ratio 1200), polyacethylene (rectification ratio 1000). polish anoa cctylcne (rcetifica* ton, i 
2000), o polyvinyl earbazole (rectification ratio 1000), pyrolysis polyimlde (rectification ratio 8000). a pyrolysis polyacrylon it file 
(rectification ratio 5000), and graphite (rectification ratio 6000). Moreover, when a metal system ingredient was used simllarm * 
result of an indium (rectification ratio 12000), aluminum magnesium (rectification ratio 15000), a zinc chloride doping alumLr X 
oxide (rectification ratio 4000), antimony-pentachloride doping tin oxide (rectification ratio 14000), and conductive copper sulfide 
(rectification ratio 10000) was obtained. 
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MCDP. 
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DESCRIPTION OF DRAWINGS 



\|on 1 



[Brief Description of the Drawings] 

[Drawi ng 1] It is the sectional view showing one example of the organic rectifying device of this invention. 
. [DJHwSng 2] It b the graph which shows the ourrent-voltage characteristic of the organic rectifying device of this invention, 
[prawlng 3] It is the graph which shows the current-voltage characteristic of me organic rectifying devioe of this invennon. 
[PrjaaJngJU It is the graph which shows the absorption spectrum of the photocurrent action spectrum of the organic rectifying 
of this invention, PMeT, and MMDP. 
(Description of Notations] 

1 Substrate 

2 Electrode 

3 Macromolccule Conductor Layer 

4 Phcnazinc Film 

5 Electrode 
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